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Abstract
The present systematic review and meta-analysis aimed to assess the perturbations in hor-
monal and psychological homeostasis in response to soccer match-play. These perturba-
tions were explored according to match outcome (i.e., win versus loss), gender, type of
contest (i.e., competitive versus non-competitive fixtures) and competitive level (i.e., novice
versus high-level). The review was conducted according to the Population/Intervention or
Exposure/Comparison/Outcome(s) (PICO) criteria and the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines. Match outcome, type of con-
test and competitive levels were moderator variables in the examined steroid hormones
responses to a soccer match-play. Different testosterone responses were seen between
match winners (increase) and losers (decrease) when compared to pre-game or baseline
values (p <0.05), whilst no changes could be detected for cortisol relative to match outcome
in female soccer players. Males (Δ% = 6.26; ES = 0.28) demonstrated a marginally lower
increase in testosterone levels when compared to females (Δ% = 49.16; ES = 1.00), though
not statistically significant. Females (Δ% = 162.7; ES = 0.98) did not demonstrate elevated
cortisol match response compared to males (Δ% = 34.60; ES = 1.20). Male novice soccer
match-play increased cortisol levels compared to high-level soccer match-play (Q = 18.08,
p<0.001). Competitive soccer matches increased cortisol levels compared to non-competi-
tive fixtures (i.e., collegiate tournament). Additionally, competitive levels moderate the rela-
tionship between a soccer match and testosterone levels (p <0.001), regardless of gender
differences. From the presented systematic review and meta-analysis it appears (1) cortisol
changes are associated with cognitive anxiety in starter female soccer players, while (2) tes-
tosterone changes are associated with changes in mood state in females and social con-
nectedness in male soccer players. This apparent psycho-physiological relationship may
proffer the opportunity for targeted intervention(s) by practitioners to favorably influence
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performance and/or recovery agendas. Further mechanistic and/or applied evidence is
required in this regard in addition to further data sets from females.
Introduction
Soccer is a high-intensity intermittent sport characterized by high variability within and
between games [1,2]. Various contextual factors such as match score, tactics, fixture time and
location, environmental conditions, League ranking, championship or cup competition, travel
demands proximal to competition, amongst others, can influence match-play characteristics
and post-game psycho-physiological responses [3,4]. These factors conspire to elicit psycho-
logical and physiological perturbations to homeostasis relative but not limited to, muscular,
endocrine, and immune systems [5].
The adaptations of autonomic nervous system (sympathetic and parasympathetic systems)
and other body systems during and response to various stressors have been extensively
explored [6–8]. Adaptive changes to stressors can be classed as behavioural or physical, which
can interact along with the brain and its peripheral components to simulate the hypothalamic-
pituitary-adrenal axis (HPA) and the autonomic sympathetic system [5]. These systems there-
fore have interrelated psychological (e.g., anxiety and mood state) and physiological (e.g., cor-
tisol and testosterone responses) components (e.g., responses are psycho-physiological in
nature). Consequently, monitoring the psycho-physiological response to training and compe-
tition, including the HPA axis, hypothalamic—pituitary—gonadal (HPG) axis and hypotha-
lamic—pituitary—thyroid (HPT) axis has been seen within soccer [6–8]. Such HPT/HPA data
has been used to determine player preparedness for subsequent training and competition, and
inform individualized recovery strategies [9–11].
Circulating testosterone and cortisol levels fluctuate during stressors or exercises [9]. As
such, they have been used in an attempt to quantitatively determine the psycho-physiological
stress/effort imposed by a soccer competition [12–14] often alongside appropriate psychomet-
ric tools and/or inventories that enable researchers/practitioners to subjectively quantify the
psychological status, such as the mood states [the profile of mood states (POMS)], the percep-
tion of exertion [rating of perceived exertion (RPE: [15])] and the anxiety states (anxiety rating
[16]). However, large intra- and inter-individual variability in testosterone and cortisol
responses to soccer competition are seen [17], hence conflicting results within the literature
[18]. This variability has been attributed to a host of physical/physiological and/or cognitive
factors, including but not limited to, match-play activity profile [15,19], match-outcome [win
or loss [20], type of contest (i.e., competitive versus non-competitive fixtures), competitive
level, player coping style (psychological apparatus to deal with personal and public pressure),
training status, player support network, and gender [21]. Given the variability present, it
appears logical to compile and subsequently systematically review the available evidence, to
determine which factors are indeed moderator/mediator variables relative to the psycho-physi-
ological responses to a soccer match-play. If psycho-physiological relationships are apparent
(e.g., increased anxiety is related to match loss), it may proffer the opportunity for targeted
intervention(s) by practitioners to favorably influence performance and/or recovery agendas.
Therefore, the aim of the present systematic review and meta-analysis was to determine the
effects of soccer match-play on steroid hormones (i.e., testosterone and cortisol) and psychoso-
cial responses (mood state, competitive anxiety, psychological stress, social connectedness),
identifying key moderator/mediator variables like match-outcome, gender, type of contest and
competitive level. It is hypothesized that (1) match outcome, type of contest and competitive
Stress and soccer match
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level may moderate the soccer match-hormonal responses relationship, and (2) cortisol and
testosterone changes would be associated with changes in anxiety and mood state respectively.
Methods
Search strategy
The present systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines [22] (Fig 1,
S1 PRISMA Checklist). The systematic search was conducted using different databases, as rec-
ommended by the Cochrane Association, namely PubMed/MEDLINE, Scopus (Elsevier), Sci-
Verse ScienceDirect (Elsevier), Institute for Scientific Information (ISI)/Web of Science
(WoS), SPORTDiscus, ProQuest, Chemical Abstracts Service (CAS), the Directory of Open
Access Journals (DOAJ), the Cochrane Database of Systematic Reviews (CDSR) of the
Cochrane Library, the Cumulative Index to Nursing and Allied Health Literature (CINAHL),
the Scientific Electronic Library Online (SciELO), and Google Scholar with dates ranging from
the earliest record to April 2016. All study designs were included. The search terms included
the following keywords: “soccer match”, “hormonal response”, “testosterone”, “cortisol”, and
“stress”, connected using proper Boolean connectors and using Medical Subject Headings
(MeSH) and wild-card options, when appropriate. Target journals have been hand-searched
for capturing all potentially relevant studies.
Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow-chart.
https://doi.org/10.1371/journal.pone.0186100.g001
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Inclusion and exclusion criteria
Studies were included in the review if they met all the following Population/Intervention
/Comparison/Outcome(s) (PICO) criteria:
1. Population: studies recruiting male and female novice and/or high-level soccer players as
participants.
2. Intervention or Exposure: investigations studying the psychological changes over the dura-
tion of a soccer match and focusing on the hormonal responses using any hormonal mea-
surements methods and collecting blood, urine or saliva samples. Salivary and serum
derived hormone values were deemed equally valid, exhibiting strong positive correlations
with one another [23–26].
3. Comparison: steroid hormones and psychological responses to a soccer match relative to
match-outcome, gender, type of contest, and competitive level.
4. Outcome(s): pre- to post-steroid hormones (i.e., testosterone and cortisol) changes to a soc-
cer match-play and the correlation between the steroid hormones response and the psycho-
social status.
5. Design: original investigations published in scholarly, peer-reviewed journals.
6. Time filter: from inception to April 2016.
7. Language filter: English.
Studies were excluded according to the following criteria:
1. Reviews, comments, opinions and commentaries, interviews, letter to editor, editorial, post-
ers, conference abstracts, book chapters, and books were excluded; available reviews have
been anyways scanned for increasing the chance of including potentially relevant articles.
2. Focusing on methodological issues (for example, comparing endocrinological assays).
3. Comparing hormonal responses between footballers and lay people and not over soccer
matches.
4. Assessing hormonal change after nutritional supplements or other kinds of intervention
(interventional studies).
5. Lacking quantitative information and details.
Screening strategy
The studies have been independently screened by two authors (MS, NLB) looking at study
titles and abstracts for potential eligibility. Screening questions have been ad hoc developed
and pilot-tested with a subset of records before implementation. Disagreement has been
assessed using κ statistics and has been resolved through discussion until consensus was
reached; a third reviewer (JSB) and a forth reviewer (LT) have been involved when necessary.
Review questions
The review questions of the present review are the following:
1. What hormonal changes (i.e., testosterone and cortisol) can be induced by a soccer match-
play?
Stress and soccer match
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2. Is there an association between steroid hormones responses and psychosocial status (e.g.,
mood state, anxiety, psychological stress and social connectedness) during a soccer match?
3. Which are the possible moderator and mediator variables? The research literature suggests
many potential moderators/mediators of the hormonal changes-soccer match relationship
such as: gender, match outcome, competitive levels and the nature of the competition itself,
among others.
a. Are there differences in steroid hormones responses between genders?
b. Is there a difference between winners and losers in testosterone or cortisol responses to a
soccer match?
c. Is there a difference between novice and high-level players in testosterone or cortisol
response to a soccer match?
d. Is there a difference between competitiveand non-competitive fixtures matches in testos-
terone or cortisol response to a soccer match?
e. Has the change of cortisol or testosterone levels to a soccer match been driven by the
changes in psychosocial status?
Statistical analysis
Effect sizes. Effect sizes (ES) were calculated with its 95% confidence interval (CI) according
to Cohen [27] and represent the difference between pre- to post- match only, means hormonal
values divided by the baseline standard deviation. This method permits the determination of the
magnitude of the differences or the changes between pre- to post- match for each study that pro-
vided absolute mean data and standard deviations. ES was interpreted with the following rule of
thumb: ES<0.2 was defined as trivial; 0.2–0.6 was defined as small; 0.6–1.2 was defined as mod-
erate; 1.2–2.0 was defined as large;>2.0 was defined as very large; and>4.0 was defined as
extremely large. A significance level of p<0.05 was considered for all the analysis.
Correlation. Correlated t-tests (two-tailed), Pearson correlation coefficient, Spearman
rank correlation coefficients and Pearson Product-Moment Correlation were used to deter-
mine the association (r and/or p values) between testosterone or cortisol levels and psychoso-
cial variables in the included studies. Correlations were evaluated as follows: small (0.1–0.29),
moderate (0.30–0.49), large (0.50–0.69), very large (0.70–0.89), nearly perfect (0.90–0.99), and
perfect (1.0) [28].
Heterogeneity. Statistical heterogeneity in our systematic review and meta-analysis was
assessed using the Q and I2 statistics. If the I2 was >50%, this was regarded as substantial het-
erogeneity. To identify sources of variation, further stratification was performed relative to the
main characteristics of included studies, carrying out meta-regression analyses in order to
quantitatively investigate the relationship between one or more covariates (moderators) at the
study level and a dependent variable (that is to say, the effect size). In addition, for the sensitiv-
ity analyses, the stability of the pooled estimate with respect to each study was investigated by
excluding individual studies from the analysis.
Results
Study selection
The search strategies yielded a preliminary pool of 921 possible papers. The full text of 39 arti-
cles were retrieved and assessed for eligibility against the inclusion criteria. After a careful
Stress and soccer match
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review of their full texts, 22 articles were excluded with reason and the remaining 17 articles
were eligible for inclusion in the current review (Fig 1). More specifically, 8 qualitative studies
and 9 quantitative studies were noted. More specifically, qualitative study generates rich,
detailed and valid process data that contribute to the in-depth understanding of a context.
Quantitative study, on the other hand, generates reliable population-based and generalizable
data that is suited to establishing cause-and-effect relationships. The main differences between
quantitative and qualitative researches concern data sample, data collection, data analysis, and
outcomes. From the quantitative studies, three interventions studied the testosterone and cor-
tisol responses to a soccer match[4,28,29]; two trials investigated the cortisol response [16,17];
and one study assessed the testosterone response [19].
Characteristics of included studies
In total, 17 articles were identified and retained in the present research. The characteristics of
the study population included novice (i.e., healthy participants) and high-level (i.e., elite, sub-
elite, semiprofessional, professional, national) participants (Tables 1 and 2). In addition, 16
studies included high-level players as sample participants and one studies used novice players
as sample subjects. The total number of participants included in this review was 333 (177
males, 130 females and 26 participants’ gender was not specified). Sample size ranged between
7 and 42, with age ranging from 8 to 31 years. All studies were characterized by a cross-sec-
tional design and performed a pre- and post-match hormonal analysis (Tables 1 and 2). Partic-
ipant’s characteristics, such as gender, competitive level and age were extracted and tabulated
for each selected study (Tables 1 and 2). Testosterone and cortisol percentage change values (Δ
%) were derived from the nmol/L post-match value relative to the pre-match value.
Pooled effect-sizes
The forest plot of cortisol [nmol/L] changes induced by soccer match-play is shown in Fig 2.
Fixed-Effects Model Pooled ES for cortisol [nmol/L] was 1.01 ([95% CI -1.66/-0.36], p = 0.002)
when including Coelho et al. [29] study’ (Fig 2a) and 0.67 ([95% CI -1.01/-0.33], p = 0.001)
when removing Coelho et al. [29] study’ (Fig 2b). There was heterogeneity (Q = 22.82, I2 =
73.70, p = 0.001) when including Coelho et al. [29] study’ (Fig 3a), however, there was no het-
erogeneity (Q = 4.74, I2 = 0.00, p = 0.448) when removing Coelho et al. [29] study’ (Fig 3b).
The forest plot of testosterone [nmol/L] changes induced by soccer match-play is shown in
Fig 4. Fixed-effects model pooled ES for testosterone [nmol/L] was 0.46 ([95% CI -1.43/0.51],
p = 0.35) when including Coelho et al. [29] study’ (Fig 4a) and 0.36 ([95% CI -1.73/1.02],
p = 0.60) when removing Coelho et al. [29] study’ (Fig 4b). There was heterogeneity when
including Coelho et al. [29] study’ (Q = 18.42, I2 = 83.72, p<0.001; Fig 5a) and when removing
Coelho et al. [29] study’ (Q = 18.28, I2 = 89.06, p<0.001; Fig 5b).
Potential moderator and mediator variables
Male novice soccer match contest caused a large increase in cortisol levels compared to pre-
match levels (Δ% = 44.36; ES = 3.73; p<0.001), the magnitude of response was significantly
higher (Q = 18.08, p<0.001) than that seen in response to a high-level soccer match (Δ% =
32.16; ES = 0.57) (Table 3). Male players reported a lower percentage increase in cortisol levels
(Δ% = 34.60; ES = 1.20) compared to females (Δ% = 162.7; ES = 0.98) (Table 3), even though
not statistically significant. Additionally, the meta-regression analyses showed that the type of
contest moderate a soccer match-cortisol response relationship (p<0.001) (Tables 4 and 5).
Only within competitive matches testosterone, regardless of gender and type of contest,
demonstrated a small increase pre-to-post match (Δ% = 20.38; ES = 0.45), without statistical
Stress and soccer match
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Table 1. Qualitative studies assessed hormonal responses between pre- to post- soccer match (mean ± SD and/or relative effect %).
Study Type of
competition
Athletes characteristics
(level; gender; age; n)
Collection
method
Unit Testosterone Cortisol T/
CReal values P values Real values or
relative
changes
P values
Aizawa et al.
[39]
Simulated High-level (i.e., elite); female;
20.0±0.4 years; 9
Blood/plasma ng/dl for
T
Pre 39.8±6 Pre 10±0.7
lg/ml for
C
1st day: 32
±5.1
1st day: 10.3±2.8
2nd day:
39.6±5.4
2nd day: 22.1
±3.4
3rd day:
35.7±4.3
3rd day: 24.5±4
Carli et al.
[40]
Official High-level (i.e., semi-
professional); NR; 20–27
years; 26
Blood/plasma ug/100
ml
" p<0.05
Casanova
et al. [45]
Official High-level (i.e., elite); female;
22.85±4.2 years; 20
Salivary ug/dl for
C
Baseline Baseline
pg/ml for
T
8:00 h
172.4±63
8:00 h 0.73±0.23
11:00 h 108
±33
11:00 h 0.39
±0.09
18:00 h
78.25±40.8
18:00 h 0.35
±0.27
Match 1
(lost)
Match 1 (lost)
11:00 h 63
±29.4
11:00 h 0.48
±0.15
18:00 h
50.3±24.9
18:00 h 0.46
±0.12
Match 2
(won)
Match 2 (won)
11:00 h
78.1±29.1
11:00 h 0.44
±0.12
18:00 h
57.2±21.1
18:00 h 0.39
±0.14
Match 3
(won)
Match 3 (won)
11:00 h
67.6±34.5
11:00 h 0.44
±0.15
18:00 h
48.8±22.1
18:00 h 0.44
±0.15
Match 4
(lost)
Match 4 (lost)
8:00 h 63.5
±28.7
8:00 h 0.83±0.20
13:00 h
45.6±19.58
13:00 h 0.61
±0.22
Edwards
et al. [44]
Official High-level (i.e., national);
male and female; 18–22
years; 42
Salivary ug/dl for
C
Male
(p<0.08)
" p<0.01)
pg/ml for
T
Female
"(p<0.01)
"(p<0.01)
Ispirlidis et al.
[18]
High-level (i.e., elite); male;
21.1±1.2 years; 14
Blood/plasma nmol/L
for T and
C
p>0.05 "50.3%*
(Continued )
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significance (Table 6). Regardless of match contest, male players reported a lower pre- to post-
match percentage increase in testosterone levels (Δ% = 6.26; ES = 0.28) than females (Δ% =
49.16; ES = 1.00), without statistical significance (Table 6). A statistically significant moderator
variable relationship was seen with respect to experience level of the players (p<0.001, Tables
7 and 8).
Finally, mood state and competitive anxiety resulted to be mediator variables of hormonal
change in response to competition in soccer players. Cortisol changes were driven by changes
in cognitive anxiety (very large correlation) for starter female soccer players, while testosterone
changes were driven by changes in mood state (moderate correlation) for females and social
connectedness (large correlation) for male soccer players (Table 9).
Discussion
The aim of the current systematic review and meta-analysis was to determine the hormonal
(i.e., testosterone and cortisol) responses to a soccer match according to match outcome (i.e.,
win, loss), gender, type of contest (i.e., competitive vs. non-competitive fixtures) and competi-
tive level. Testosterone response was found to vary according to the game outcome, with a
larger response in winners compared to losers whereas cortisol concentrations did not vary
with regard to match outcome. Competitive level may have moderated the cortisol response-
soccer match relationship, with greater levels of cortisol reactivity in male novice compared to
high-level soccer players. Thus, competitive soccer matches increased cortisol levels to a
greater magnitude compared to non-competitive fixtures (i.e., collegiate tournament). Addi-
tionally, regardless of gender differences, higher testosterone reactivity in high-level compared
to novice players was shown. When psycho-physiological stress was evaluated post-match, cor-
tisol changes appeared to be driven by changes in cognitive anxiety, while testosterone changes
were driven by changes in mood state and social connectedness.
Moderator variables
Match outcome and type of contest. Match outcome moderated the testosterone level in
response to a soccer match (higher in winners) within the present data, in agreement with ear-
lier meta-analyses [30]. This differential testosterone response between winners and losers
Table 1. (Continued)
Study Type of
competition
Athletes characteristics
(level; gender; age; n)
Collection
method
Unit Testosterone Cortisol T/
CReal values P values Real values or
relative
changes
P values
Lupo et al.
[41]
Official High-level (i.e., semi-
professional); male; 20–25
years; 18
Blood/plasma ng/ml for
T
45 min
"(p<0.05)
"(p<0.05)
ug/100
ml for C
90 min
(p>0.05)
"(p<0.05)
Oliveira et al.
[15]
Official High-level (i.e., elite); female;
24.24±4.78 years; 33
Salivary pg/ml for
T
Winners"
(p<0.001)
(p>0.05)
ng/ml for
C
Losers
(p>0.05)
(p>0.05)
Souglis et al.
[32]
Official High-level (i.e., elite); male;
NR; 18
Blood/plasma μg/dL 105%*
T/C: Testosterone/Cortisol ratio; NR: not reported; ": increased.
*: significantly different from pre-competition level at p < 0.05;
https://doi.org/10.1371/journal.pone.0186100.t001
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Table 2. Quantitative studies assessed hormonal responses between pre- to post- soccer match (mean ± SD and/or relative effect %).
Study Type of
competition
Athletes characteristics
(level; gender; age; n)
Collection
method
Unit Testosterone Cortisol T/C
Coelho et al.
[29]
College
tournament
Novice (i.e., healthy student); male;
22.0±2.8 years; 10
Blood/plasma ng/dl for
T
Pre 581.2±38.8 14.2±1.3 40.9±6.1
ug/dl for
C
Imm Post 620.5
±61.8
20.5±2.0* 30.2±6.7*
Gravina et al.
[19]
Official High-level (i.e., elite and sub-elite);
female; elite = 25±5 years, sub-
elite = 18.3±1.5 years; 28
Blood/plasma ng /ml Pre 0.57±0.2
Imm Post 0.77
±0.3*
Haneishi et al.
[16]
Official High-level (i.e., NCAA Division I);
female; 18–24 years; 20
Salivary nm/L Starters
Pre 18.0±10.3
Imm Post 53.1
±33.9*
Nonstarters
Pre 12.5±13.6
Imm Post 28.8
±32.5*
McHale et al.
[42]
Official High-level (i.e., elite); male; 8–10
years; 28
Salivary ng/ml 10 min Pre
0.70±0.59
10 min Post
0.94±0.86
Moreira et al.
[17]
Official High-level (i.e., elite); male; 23±4
years; 22
Salivary ng/ml Team A
Pre 7.6±4.4
Imm Post
12.12±6*
Team B
Pre 8.8±3.0
Imm Post
10.29±6.2*
Peñailillo et al.
[43]
Official High-level (i.e., elite); male; 26±3.5
years; 9
Salivary pg/ml for
T
Pre 193.00±41.62 Pre 5.06±0.87 0.39±0.99
ng/ml for
C
Imm Post 134.00
±55.4 #30..6%
Imm Post 5.30
±1.19
0.25±0.89
#64.2%
Romagnoli et al.
[38]
Simulated High-level (i.e., elite); male; 17–20
years; 22
Blood/plasma ng/ml for
T
Pre 6.48±1.54 219.23±51.68
ug/L for
C
30-min post 4.80
±2.43*
210.13±81.62
24h post 5.04
±1.91*
139.22
±44.84*
48h post 4.47
±1.70*
145.78
±44.93*
Silva et al. [36] Official High-level (i.e., elite); male; 22–31
years; 7
Blood/plasma ng/ml for
T and C
Pre 5.94±0.37 Pre 50.5±2.6 12.5±0.6%
24h post 6.0±0.48 24 h post 63.6
±3.0*
9.9±0.9*
48h post 5.93±0.60 48h post
80.5 ± 9.1*
8.3±1.5*
72h post 5.94±0.38 72 h post 52.3
±3.2
11.5±0.8
(Continued )
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proffers the opportunity for practitioners to employ a precompetitive or half-time cognitive
intervention to enhance positive psychological states, such as the mood state and motivation
to win, given they are related to game outcome. In contrast, cortisol increase appeared to
follow general physical activity [31] with no difference between winners and losers, yet com-
petitive compared to non-competitive matches demonstrated greater cortisol reactivity. Com-
petitive level differences on cortisol are likely due to the higher psycho-physiological effort
during competitive matches than non-competitive fixtures, specifically mental toughness, self-
confidence, aerobic and anaerobic capacities [32,33]. Practitioners should therefore seek to
make training sessions/matches as externally valid to competition as possible, to encourage
players to develop robust coping apparatus with and familiarity to highly-competitive exter-
nally valid competition scenarios.
Competitive levels. It has been previously demonstrated that the competitive level is a
moderator variable for the testosterone response to a soccer match, likely due to differences in
players psycho-physiological competences and traits [32,33]. Increasing expertise is associated
with greater physical capacities [33] and more robust psychological apparatus [32–35] in soc-
cer players. Indeed, high-level soccer players (high-level vs. ‘other’ standards of athlete) are
well acknowledged as psycho-physiologically unique [32,33]. Thus, it is worth noting that
Table 2. (Continued)
Study Type of
competition
Athletes characteristics
(level; gender; age; n)
Collection
method
Unit Testosterone Cortisol T/C
Thorpe and
Sunderland [4]
Official High-level (i.e., semi-professional);
male; 25±6 years; 7
Salivary nmol/L
for T and
C
Pre 0.26±0.07 10.09±4.04 0.028
±0.008
Imm Post 0.37
±0.10*
14.88±5.98 0.028
±0.008
T/C: Testosterone/Cortisol ratio; NR: not reported; Imm: Immediately; ": increased; NCAA: National Collegiate Athletic Association.
*: significantly different from pre-competition level at p < 0.05;
https://doi.org/10.1371/journal.pone.0186100.t002
Fig 2. Forest plot of cortisol [nmol/L] changes induced by soccer match, including (2a) and removing
(2b) Coelho et al. [29].
https://doi.org/10.1371/journal.pone.0186100.g002
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high-level players possess a high capability to cope with the game demands and stress as
shown by the fast recovery pattern and lower performance impairments [36]. On the basis of
the available scientific investigations, it appears that distinguishing competitive levels in
regards to the hormonal responses to a soccer match-play may be useful for trainers and
coaches in the development processes. More specifically, practitioners should plan specific
match/training session soliciting the endocrine system in novice soccer players, in order to
simultaneously decrease the psycho-physiological stress and improve the recovery pattern and
performances as high-level players, and adopt the best strategy to control the stress-recovery
balance.
Gender. It seems that gender did not moderate the hormonal response to a soccer match-
play. However, this might be attributable to the small sample size and number of included
studies (two studies recruiting female players; [16,19]) and so further research is warranted to
Fig 3. Funnel plot showing evidence of publication bias for the meta-analysis concerning cortisol
changes induced by soccer match when pooling all studies, including (3a) and removing (3b) Coelho
et al. [29].
https://doi.org/10.1371/journal.pone.0186100.g003
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determine effect of gender on hormonal responses during a soccer match. In contrast, a previ-
ous review showed that the stress response was different between males and females [37]. The
differences were attributed to (a) the higher hormone concentrations for men at rest (particu-
larly testosterone levels) (b) higher psychological stress in men immediately before the test
which represents a challenge and (c) the differences in body composition (e.g., higher fat mass
in women) and/or in sexual hormonal status [37].
Hormonal changes during the recovery period after a soccer match-play
Regarding the hormonal responses during the recovery period, the competitive soccer match
did not altered the testosterone level during the recovery period; however, plasma cortisol con-
centration significantly increased at 24 h and 48 h as compared to baseline, which returned to
baseline after 72 h of recovery [36]. Furthermore, cortisol and testosterone concentrations
were found to be diminished after 24 (cortisol ~ -36%, testosterone ~ -25%) and 48 h post-sim-
ulated match (cortisol ~ -32%, testosterone ~ -30%) [38]. However, in line with the findings of
Silva et al. [36], the authors did not observe alterations in plasma testosterone (free testoster-
one) concentration throughout the 144 h of the recovery period [18]. In summary, high-level
non-competitive and competitive soccer matches led to an increased catabolic hormonal envi-
ronment until 48 h into the recovery period. This finding suggests that an interval of at least
72–144 h between competitions should be considered by coaches working with high-level soc-
cer players.
Psychological mediators
Alterations in the hormonal [39–43] and psychological variables over a soccer game are often
observed, suggesting that combined psychological and hormonal changes during competition
Fig 4. Forest plot of testosterone [nmol/L] changes induced by soccer match, including (4a) and
removing (4b) Coelho et al. [29].
https://doi.org/10.1371/journal.pone.0186100.g004
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could be useful to monitor the stress in relation to soccer match performance. The assessment
of psycho-physiological stress after a soccer match showed contradictory results throughout
different studies. The correlation between cortisol changes and psychological states over a soc-
cer match were investigated in five studies. Some studies showed no significant correlations
between changes in cortisol over the game and changes in mood state, anxiety state in female
soccer players [15], whereas only one study demonstrated a significant correlation between
cortisol changes and cognitive anxiety in starter female soccer players [16].
Fig 5. Funnel plot showing evidence of publication bias for the meta-analysis concerning
testosterone changes induced by soccer match when pooling all studies, including (5a) and
removing (5b) Coelho et al. [29].
https://doi.org/10.1371/journal.pone.0186100.g005
Stress and soccer match
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Concerning testosterone changes after a soccer match, some studies showed significant cor-
relations between testosterone changes and social connectedness in male soccer players [44]
and mood state changes in female players [15]. In contrast, there was no significant correlation
between testosterone changes, anxiety state [15] and social connectedness changes in women
players [44]. For these reasons, coaches and scientists should be attentive to the role of social
and environmental stress, personality, and other psychological metrics as measurable experi-
mental variables that can influence data outcomes during a soccer match. These data also prof-
fers the opportunity for practitioners to employ a precompetitive, or half-time, cognitive
intervention that improves the participants’ mood state and consequently the participant’s
chances of winning, as well as, manage the cognitive anxiety and psychosocial stress and con-
sequently help cope both the physical and psychological demands as elite players.
Table 3. Pre- and post- soccer match value or percentage of change (Δ%) of cortisol (nmol/L).
Study Nature of competition Cortisol Δ% ES
Pre Imm Post
Novice male players
Coelho et al. [29] College tournament 391.92±35.88 565.8±55.2 "44.36 3.7351
High-level male players
Moreira et al. [17] Official Team A 20.97±12.14 33.45±16.56 "59.51 0.8596
Team B 24.28±8.28 28.40±17.11 "16.96 0.3065
Peñailillo et al. [43] Official 13.96±2.40 14.62±3.28 "4.72 0.2297
Thorpe and Sunderland [4] Official 10.09±4.04 14.88±5.98 "47.47 0.9387
Overall "32.16 0.57
Overall males "34.60 1.20
High-level female players
Haneishi et al. [16] Official Starters 18.0±10.3 53.1±33.9 "195.0 1.401
Nonstarters 12.5±13.6 28.8±32.5 "130.4 0.6543
Overall females "162.7 0.98
ES: effect size; Imm: Immediately; ": increased
https://doi.org/10.1371/journal.pone.0186100.t003
Table 4. Meta-regression analyses of studies concerning cortisol changes induced by soccer match-play, when including Coelho et al. [29].
Moderator variable Statistical significance Heterogeneity (ANOVA-Q)
Age 0.453
Gender 0.897 0.02
Experience/training level 0.636 0.22
Match duration 0.853
Type of competition/contest 0.000 18.08
https://doi.org/10.1371/journal.pone.0186100.t004
Table 5. Meta-regression analyses of studies concerning cortisol changes induced by soccer match-play, when removing Coelho et al. [29].
Moderator variable Statistical significance Heterogeneity (ANOVA-Q)
Age 0.236
Gender 0.282 1.16
Experience/training level 0.636 0.22
Match duration 0.853
https://doi.org/10.1371/journal.pone.0186100.t005
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Limitations
A number of limitations affecting both the primary data and the current systematic review and
meta-analysis should be properly acknowledged. First, there was a considerable amount of
small numbers of included studies, particularly in female and novice players. While this review
Table 6. Pre- and post- soccer match value or percentage of change (Δ%) of testosterone (nmol/L).
Study Nature of competition Testosterone Δ% ES
Pre Imm Post
Novice male players
Coelho et al. [29] College tournament 20.16±1.34 21.53±2.14 "6.79 0.77
High-level male players
Peñailillo et al. [43] Official 0.66±0.14 0.46±0.19 #30.3 -1.20
Thorpe and Sunderland [4] Official 0.26±0.07 0.37±0.10 "42.3 1.27
Overall "12 0.02
Overall males "6.26 0.28
High-level female players
Gravina et al. [19] Official 1.79±0.69 2.67±1.04 "49.16 1.00
ES = effect size; Imm: Immediately; NR: not reported; ": increased; #: decreased.
https://doi.org/10.1371/journal.pone.0186100.t006
Table 7. Meta-regression analyses of studies concerning testosterone changes induced by soccer match-play, when including Coelho et al. [29].
Moderator variable Statistical significance Heterogeneity (ANOVA-Q)
Age 0.373
Gender 0.339 0.92
Experience/training level 0.000 18.28
Type of competition/contest 0.642 0.22
https://doi.org/10.1371/journal.pone.0186100.t007
Table 8. Meta-regression analyses of studies concerning testosterone changes induced by soccer match-play, when removing Coelho et al. [29].
Moderator variable Statistical significance Heterogeneity (ANOVA-Q)
Age 0.571
Gender 0.423 0.64
Experience/training level 0.000 18.28
https://doi.org/10.1371/journal.pone.0186100.t008
Table 9. Correlations between psychological state and cortisol and testosterone concentrations.
Study Psychological skill Cortisol Testosterone
r p r p
Edwards et al. [44] Social connectedness (IAGSSGEQ) Men: 0.59 <0.05
Women: NR >0.05
Haneishi et al. [16] Anxiety (CSAI-2): Cognitive anxiety Starters: 0.70 NR
Oliveira et al.[15] Profile of Mood States (POMS) -0.25 0.20 0.48 <0.05
Anxiety state 0.04 0.83 -0.36 0.06
CSAI-2: Competitive Sport Anxiety Inventory-2; IAGSSGEQ: Individual Attraction to Group-Social scale of the Group Environment Questionnaire; POMS:
Profile of Mood States; RESTQ-76 Sport: Recovery-Stress Questionnaire for athletes; RPE: Ratings of Perceived Exertion. NR: not reported.
https://doi.org/10.1371/journal.pone.0186100.t009
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could identify important moderators of soccer match-hormonal changes, it is possible that
other factors that were not assessed could also explain the observed heterogeneity. For exam-
ple, training programs and time of the day when competition was played can affect the hor-
monal stress affecting the chronobiological system. Casanova et al. [45] observed a decrease in
testosterone and cortisol levels (pre-to-post-matches), which might be explained by the circa-
dian effect, the time of collecting samples, rather than the effect of the match per se. Further-
more, because of the cross-sectional design of included studies, the observed correlation
between hormonal and psychological changes should not implicit as a causal relationship.
Conclusions
This systematic review and meta-analysis provides readers with the first rigorous analytical syn-
thesis of data concerning psychological and hormonal changes induced by soccer matches-play.
In fact, the present review showed significant difference in the testosterone response to soccer
games between winners and losers, with positive and negative changes in winners and losers,
respectively. Furthermore, cortisol concentrations did not vary with regard to the contest out-
come. Thus, it has been shown that testosterone reactivity was higher in high-level compared to
novice players. Male novice soccer match contests increased cortisol levels to a greater magni-
tude compared to high-level soccer match. When psycho-physiological stress was evaluated
after soccer matches, cortisol changes were found to be driven by changes in cognitive anxiety,
while testosterone changes were driven by changes in mood state and social connectedness.
The current review highlights that match outcome and competitive levels should be consid-
ered as the key moderator variables of the soccer match-hormonal changes relationship. A psy-
cho-physiological assessment of soccer players could give sports coaches and managers the
opportunity to (1) understand the processes involved in the stress response, (2) identify how
an athlete copes with stress induced by a competition, (3) reduce and mitigate ‘stress’ response
of players pre, post or between games, (4) modulating the training/play load according to the
specific hormonal response and (5) to design and implement various ad hoc mental/recovery/
coping strategies for performance enhancement and optimization. Particularly, positive reeval-
uation and active recovery should be recommended.
Supporting information
S1 PRISMA Checklist. Preferred Reporting Items for Systematic Reviews and Meta-analy-
sis (PRISMA) checklist [22].
(DOC)
Acknowledgments
The authors would like to declare that no sources of funding were used in the preparation of
this review. They would also like to affirm that they have no conflict of interest that is directly
or indirectly relevant to the content of the present review.
Author Contributions
Conceptualization: Maamer Slimani, Lee Taylor.
Data curation: Maamer Slimani.
Formal analysis: Maamer Slimani, Nicola Luigi Bragazzi.
Funding acquisition: Nicola Luigi Bragazzi.
Stress and soccer match
PLOS ONE | https://doi.org/10.1371/journal.pone.0186100 October 12, 2017 16 / 19
Investigation: Maamer Slimani.
Methodology: Maamer Slimani, Foued Cheour, Nicola Luigi Bragazzi.
Project administration: Maamer Slimani.
Software: Maamer Slimani, Nicola Luigi Bragazzi.
Supervision: Julien S. Baker, Foued Cheour, Lee Taylor, Nicola Luigi Bragazzi.
Validation: Maamer Slimani.
Visualization: Maamer Slimani.
Writing – original draft: Maamer Slimani, Julien S. Baker, Lee Taylor, Nicola Luigi Bragazzi.
Writing – review & editing: Maamer Slimani, Julien S. Baker, Lee Taylor, Nicola Luigi
Bragazzi.
References
1. Aldous JW, Chrismas BC, Akubat I, Dascombe B, Abt G, Taylor L (2016) Hot and hypoxic environments
inhibit simulated soccer performance and exacerbate performance decrements when combined. Front
Physiol: 6: 421. https://doi.org/10.3389/fphys.2015.00421 PMID: 26793122
2. Aldous JWF, Akubat I, Chrismas BCR, Watkins SL, Mauger AR, Midgley AW, Abt G, Taylor L (2014)
The reliability and validity of a soccer-specific nonmotorised treadmill simulation (intermittent soccer
performance test). J Strength. Cond Res: 28: 1971–1980. https://doi.org/10.1519/JSC.
0000000000000310 PMID: 24169475
3. Gregson W, Drust B, Atkinson G, Salvo VD (2010) Match-to-match variability of high-speed activities in
premier league soccer. Int J Sports Med: 31: 237–42. https://doi.org/10.1055/s-0030-1247546 PMID:
20157871
4. Thorpe R, Sunderland C (2012) Muscle damage, endocrine, and immune marker response to a soccer
match. J Strength Cond Res: 26: 2783–2790. https://doi.org/10.1519/JSC.0b013e318241e174 PMID:
22124357
5. Salvador A, Costa R (2009) Coping with competition: Neuroendocrine responses and cognitive vari-
ables. Neurosci Biobehav Rev: 3: 160–170.
6. Arruda AF, Aoki MS, Freitas CG, Spigolon LM, Franciscon C, Moreira A (2015) Testosterone concen-
tration and lower limb power over an entire competitive season in elite young soccer players. J Strength
Cond Res: 29: 3380–5. https://doi.org/10.1519/JSC.0000000000000993 PMID: 26595131
7. Morgans R, Owen A, Doran D, Drust B, Morton JP (2015) Prematch salivary secretory immunoglobulin
a in soccer players from the 2014 world cup qualifying campaign. Int J Sports Physiol Perform: 10: 401–
3. https://doi.org/10.1123/ijspp.2014-0046 PMID: 25117424
8. Moreira A, Bradley P, Carling C, Arruda AF, Spigolon LM, Franciscon C, Aoki MS (2016) Effect of a con-
gested match schedule on immune-endocrine responses, technical performance and session-rpe in
elite youth soccer players. J Sports Sci 1–7.
9. Hayes LD, Grace FM, Baker JS, Sculthorpe N (2015) Exercise-induced responses in salivary testoster-
one, cortisol, and their ratios in men: A meta-analysis. Sports Med: 45: 713–726. https://doi.org/10.
1007/s40279-015-0306-y PMID: 25655373
10. Ne´de´lec M, Halson S, Abaidia A, Ahmaidi S, Dupont G (2015) Stress, sleep and recovery in elite soccer:
A critical review of the literature. Sports Med: 45: 1387–1400. https://doi.org/10.1007/s40279-015-
0358-z PMID: 26206724
11. Ne´de´lec M, Mccall A, Carling C, Legall F, Berthoin S, Dupont G (2012) Recovery in soccer. Sports Med:
42: 997–1015. PMID: 23046224
12. Brondino N, Lanati N, Giudici S, Arpesella M, Roncarolo F, Vandoni M (2013) Testosterone level and its
relationship with outcome of sporting activity. J Mens Health: 10: 40–47.
13. Casto KV, Edwards DA (2016) Testosterone, cortisol, and human competition. Horm Behav: 82: 21–37.
https://doi.org/10.1016/j.yhbeh.2016.04.004 PMID: 27103058
14. Gatti R, De Palo EF (2011) An update: Salivary hormones and physical exercise. Scand J Med Sci
Sports: 21: 157–69. https://doi.org/10.1111/j.1600-0838.2010.01252.x PMID: 21129038
Stress and soccer match
PLOS ONE | https://doi.org/10.1371/journal.pone.0186100 October 12, 2017 17 / 19
15. Oliveira T, Gouveia M, Oliveira RF (2009) Testosterone responsiveness to winning and losing experi-
ences in female soccer players. Psychoneuroendocrinology: 34: 1056–1064. https://doi.org/10.1016/j.
psyneuen.2009.02.006 PMID: 19278791
16. Haneishi K, Fry AC, Moore CA, Schilling BK, Li Y, Fry MD (2007) Cortisol and stress responses during
a game and practice in female collegiate soccer players. J Strength Cond Res: 21: 583–588. PMID:
17530979
17. Moreira A, Arsati F, Arsati YBdOL, Da Silva DA, De Arau´jo VC (2009) Salivary cortisol in top-level pro-
fessional soccer players. Eur J Appl Physiol: 106: 25–30. https://doi.org/10.1007/s00421-009-0984-y
PMID: 19159948
18. Ispirlidis I, Fatouros IG, Jamurtas AZ, Nikolaidis MG, Michailidis I, Douroudos I, Margonis K, Chatziniko-
laou A, Kalistratos E, Katrabasas I (2008) Time-course of changes in inflammatory and performance
responses following a soccer game. Clin J Sport Med: 18: 423–431. https://doi.org/10.1097/JSM.
0b013e3181818e0b PMID: 18806550
19. Gravina L, Ruiz F, Lekue JA, Irazusta J, Gil SM (2011) Metabolic impact of a soccer match on female
players. J Sports Sci: 29: 1345–1352. https://doi.org/10.1080/02640414.2011.597420 PMID: 21777165
20. Filaire E, Alix D, Ferrand C, Verger M (2009) Psychophysiological stress in tennis players during the
first single match of a tournament. Psychoneuroendocrinology: 34: 150–157. https://doi.org/10.1016/j.
psyneuen.2008.08.022 PMID: 18845399
21. Kivlighan KT, Granger DA, Booth A (2005) Gender differences in testosterone and cortisol response to
competition. Psychoneuroendocrinology: 30: 58–71. https://doi.org/10.1016/j.psyneuen.2004.05.009
PMID: 15358443
22. Moher D, Liberati A, Tetzlaff J, Altman D. G. (2009) Preferred reporting items for systematic reviews
and meta-analyses: The prisma statement. Ann Intern Med: 151: 264–269. PMID: 19622511
23. Archer J (1991) The influence of testosterone on human aggression. Br J Psychol: 82: 1–28. PMID:
2029601
24. Book AS, Starzyk KB, Quinsey VL (2001) The relationship between testosterone and aggression: A
meta-analysis. Aggress Violent Behav: 6: 579–599.
25. Slimani M, Moalla W, Baker JS (2017) Hormonal responses to a rugby match: a brief review. J Sports
Med Phys Fitness [Epub ahead of print]
26. Wang C, Plymate S, Nieschlag E, Paulsen CA (1981) Salivary testosterone in men: Further evidence of
a direct correlation with free serum testosterone. J Clin. Endocrinol Metab: 53: 1021–1024. https://doi.
org/10.1210/jcem-53-5-1021 PMID: 7197285
27. Cohen J (1988) Statistical power analysis for the behavioural sciences. Hillside. NJ: Lawrence Ear-
lbaum Associates.
28. Hopkins WG (2002) A scale of magnitudes for effect statistics. http://sportsciorg/resource/stats/
effectmaghtml.Accessed October 20, 2013.
29. Coelho DB, Pimenta EM, Veneroso CE, Morandi RF, Pacheco DAS, Pereira ER, Coelho LGM, Silami-
Garcia E (2013) Assessment of acute physiological demand for soccer. Rev Bras Cineantropom
Desempenho Hum: 15: 667–676.
30. Archer J (2006) Testosterone and human aggression: an evaluation of the challenge hypothesis. Neu-
rosci Biobehav Rev: 30: 319–345. https://doi.org/10.1016/j.neubiorev.2004.12.007 PMID: 16483890
31. Parmigiani S, Dadomo H, Bartolomucci A, Brain PF, Carbucicchio A, Costantino C, Ferrari PF, Palanza
P, Volpi R (2009). Personality traits and endocrine response as possible asymmetry factors of agonistic
outcome in karate athletes. Aggress Behav: 35(4): 324–33. https://doi.org/10.1002/ab.20306 PMID:
19373899
32. Souglis A, Bogdanis G, Giannopoulou I, Papadopoulos C, Apostolidis N (2015) Comparison of inflam-
matory responses and muscle damage indices following a soccer, basketball, volleyball and handball
game at an elite competitive level. Res Sports Med: 23: 59–72. https://doi.org/10.1080/15438627.2014.
975814 PMID: 25630247
33. Morris T (2000) Psychological characteristics and talent identification in soccer. J. Sports Sci: 18(9):
715–726. https://doi.org/10.1080/02640410050120096 PMID: 11043897
34. Slimani M, Bragazzi NL, Tod D, Dellal A, Hue O, Cheour F, Taylor L, Chamari K. (2016) Do cognitive
training strategies improve motor and positive psychological skills development in soccer players?
Insights from a systematic review. J Sports Sci: 34(24): 2338–2349. https://doi.org/10.1080/02640414.
2016.1254809 PMID: 27842463
35. Stolen T, Chamari K, Castagna C, Wisløff U (2005) Physiology of soccer: An update. Sports Med: 35:
501–536. PMID: 15974635
36. Silva JR, Ascensão A, Marques F, Seabra A, Rebelo A, Magalhães J (2013) Neuromuscular function,
hormonal and redox status and muscle damage of professional soccer players after a high-level
Stress and soccer match
PLOS ONE | https://doi.org/10.1371/journal.pone.0186100 October 12, 2017 18 / 19
competitive match. Eur J Appl Physiol: 113: 2193–2201. https://doi.org/10.1007/s00421-013-2633-8
PMID: 23661147
37. Zouhal H, Jacob C, Delamarche P, Gratas-Delamarche A (2008) Catecholamines and the effects of
exercise, training and gender. Sports Med: 38: 401–423. PMID: 18416594
38. Romagnoli M, Sanchis-Gomar F, Alis R, Risso-Ballester J, Bosio A, Graziani R, Rampinini E (2016)
Changes in muscle damage, inflammation, and fatigue-related parameters in young elite soccer players
after a match. J Sports Med Phys Fitness: 56(10): 1198–1205. PMID: 26558831
39. Aizawa K, Nakahori C, Akimoto T, Kimura F (2006) Changes of pituitary, adrenal and gonadal hor-
mones during competition among female soccer players. J Sports Med Phys Fitness: 46: 322. PMID:
16823365
40. Carli G, Bonifazi M, Lodi L, Lupo C, Martelli G, Viti A (1986) Hormonal and metabolic effects following a
football match. Int J Sports Med: 7: 36–38. https://doi.org/10.1055/s-2008-1025732 PMID: 3007380
41. Lupo C, Baldi L, Bonifazi M, Lodi L, Martelli G, Viti A, Carli G (1985) Androgen levels following a football
match. Eur J Appl Physiol Occup Physiol: 54: 494–496. PMID: 4085477
42. McHale TS, Zava DT, Hales D, Gray PB (2016) Physical competition increases dehydroepiandroster-
one (DHEA) and androstenedione rather than testosterone among Juvenile boy soccer players. Adapt
Human Behav Physiol: 2: 44–56.
43. Peñailillo L, Maya L, Niño G, Torres H, Zbinden-Foncea H (2015) Salivary hormones and IgA in relation
to physical performance in football. J Sports Sci: 33: 2080–2087. https://doi.org/10.1080/02640414.
2015.1064151 PMID: 26146019
44. Edwards DA, Wetzel K, Wyner DR (2006) Intercollegiate soccer: Saliva cortisol and testosterone are
elevated during competition, and testosterone is related to status and social connectedness with team-
mates. Physiol Behav: 87: 135–143. https://doi.org/10.1016/j.physbeh.2005.09.007 PMID: 16233905
45. Casanova N, Palmeira-de-Oliveira A, Pereira A, Criso´stomo L, Travassos B, Costa A (2016) Cortisol,
testosterone and mood state variation during an official female football competition. J Sports Med Phys
Fitness: 56(6): 775–81. PMID: 26154730
Stress and soccer match
PLOS ONE | https://doi.org/10.1371/journal.pone.0186100 October 12, 2017 19 / 19
